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EM Spectrum

Hard (Grade B-A*)
 

Q1.          (a)     Microwaves and visible light are two types of electromagnetic wave. Both can be used for communications.
(i)      Give two properties that are common to both visible light and microwaves.
1 ............................................................................................................
...............................................................................................................
2 ............................................................................................................
...............................................................................................................
(2)



(ii)     Name two more types of electromagnetic wave that can be used for communications.
................................................... and ..................................................
(1)



(b)     Wi-Fi is a system that joins computers to the internet without using wires. Microwaves, with a wavelength of 12.5 cm, are used to link a computer to a device called a router. Microwaves travel through the air at 300 000 000 m/s.
Use the equation in the box to calculate the frequency of the microwaves used to link the computer to the router.
 
wave speed     =    frequency    ×    wavelength

Show clearly how you work out your answer and give the unit.
........................................................................................................................
........................................................................................................................
........................................................................................................................
                           Frequency = ..............................................................
(3)



(c)     Wi-Fi is used widely in schools. However, not everyone thinks that this is a good idea.
A politician commented on the increasing use of WiFi. He said: ‘I believe that these systems may be harmful to children.’
However, one group of scientists said that there is no reason why Wi-Fi should not be used in schools. These scientists also suggested that there is a need for further research.
(i)      Suggest what the politician could have done to persuade people that what he said was not just an opinion.
...............................................................................................................
...............................................................................................................
(1)



(ii)     Why did the group of scientists suggest that there is a need for further research?
...............................................................................................................
...............................................................................................................
(1)
(Total 8 marks)
 Q2.          (a)     Microwaves are one type of electromagnetic wave.
(i)      Which type of electromagnetic wave has a lower frequency than microwaves?
...........................................................................................................................
(1)



(ii)     What do all types of electromagnetic wave transfer from one place to another?
...........................................................................................................................
(1)



(b)     The picture shows a tennis coach using a speed gun to measure how fast the player serves the ball.
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(i)      The microwaves transmitted by the speed gun have a frequency of 24 000 000 000 Hz and travel through the air at 300 000 000 m/s.
         Use the equation in the box to calculate the wavelength of the microwaves emitted from the speed gun.
wave speed = frequency × wavelength

         Show clearly how you work out your answer.
...........................................................................................................................
...........................................................................................................................
Wavelength = .............................. m
(2)



(ii)     Some of the microwaves transmitted by the speed gun are absorbed by the ball.
         What effect will the absorbed microwaves have on the ball?
...........................................................................................................................
...........................................................................................................................
(1)



(iii)     Some of the microwaves transmitted by the speed gun are reflected from the moving ball back towards the speed gun.
         Describe how the wavelength and frequency of the microwaves change as they are reflected from the moving ball.
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
(2)
(Total 7 marks)
 Q3.          (a)     The new Tetra communications system to be used by the police transmits digital signals using microwaves of wavelength 75 cm.



(i)      Use the following equation to calculate the frequency of the microwaves used by the Tetra system. Show clearly how you work out your answer.
                             wave speed = frequency × wavelength
...........................................................................................................................
...........................................................................................................................
Frequency = ......................................... hertz
(2)
(b)     Read the following extract from a newspaper and then answer the questions that follow.
 
Residents of Stag Hill Court, a luxury block of flats, are shocked at the plans to site a mobile phone mast on the roof of the flats. They oppose the mast on health grounds, quoting research in Germany that has found a possible increase in cases of cancer around mobile phone masts.
A spokesperson for the telecoms company said, ‘The residents should not worry. The research carried out by our own scientists has found no link between ill health and mobile phone masts’.
This has not reassured the residents, who argue that new independent research is urgently needed.
 


(i)      Explain why living near a mobile phone mast could cause ill health.
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
(3)



(ii)     Suggest two reasons why the residents have not been reassured by the research carried out by the telecoms company.
1 ........................................................................................................................
...........................................................................................................................
2 ........................................................................................................................
...........................................................................................................................
(2)
(Total 7 marks)
 Q4.          Radio waves, ultra-violet, visible light and X-rays are all types of electromagnetic radiation.
(a)     Choose wavelengths from the list below to complete the table.
3 × 10–8 m 1 × 10–11 m        5 × 10–7 m        1500 m
TYPE OF RADIATION
WAVELENGTH (m)
Radio waves
 
Ultra-violet
 
Visible light
 
X-rays
 

(4)



(b)     Microwaves are another type of electromagnetic radiation.
          Calculate the frequency of microwaves of wavelength 3 cm.
(The velocity of electromagnetic waves is 3 × 108 m/s.)
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(4)
(Total 8 marks)
 EM spectrum-Mark scheme
M1.         (a)      (i)     any two from:
•    travel at the same speed (through a vacuum)
accept travel at the speed of light
accept air for vacuum
•    can travel through a vacuum / space
do not accept air for vacuum
•    transfer energy
•    can be reflected
•    can be refracted
•    can be diffracted
•    can be absorbed
•    can be transmitted
•    transverse
accept any other property common to electromagnetic waves
accept travel at the same speed through a vacuum for both marks
do not accept both radiated from the Sun
2



(ii)     infra red
both required for the mark
radio(waves)
accept IR for infra red
1



(b)     2 400 000 000
correct transformation and substitution gains 1 mark
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an answer of 24 000 000 gains 1 mark
either 2 400 000 kHz
or 2 400 MHz scores 3 marks but the symbol only scores the 3rd mark if it is correct in every detail
2



hertz
accept Hz
do not accept hz
1



(c)     (i)      presented (scientific) evidence / data
do an experiment / investigation is insufficient
1



(ii)     to find out if there is a hazard (or not)
accept to find out if it is safe
accept not enough evidence to make a decision
not enough evidence is insufficient
1
[8]
 
M2.          (a)     (i)      radio(waves)
1
(ii)     energy
correct answer only
1



(b)     (i)      0.0125 (m)
allow 1 mark for correct transformation and substitution
2



(ii)     make it hot(ter)
do not accept cook it
accept (air) particles inside ball will move faster
accept water in the ball gets hotter
1



(iii)     wavelength decreases
ignore reference to speed
1
         frequency increases
1
[7]
 M3.          (a)     (i)      400 000 000
or
correct equivalent
allow 1 mark for correct transformation and substitution (of 75)
answer 4 000 000 gains 1 mark only
2



(b)     (i)      
any mention of alpha, beta, gamma waves scores 0 marks
         emit / uses / transmit / receive microwaves
accept radiation for microwaves throughout
ignore radio waves
1
         some microwave / energy absorbed by / enters the body
ecf for their given electromagnetic wave
do not accept goes through the body
1
         raises temperature of (body) cells / tissue / water
accept reference to water molecules vibrating faster
accept it could cause mutation / harm / kill cells
do not accept answers in terms of ionisation
ignore references to cancer
1



(ii)     any two from:
•        research (may be) biased
or may have been misled in the past
accept not independent
or may be lying
•        some research suggests a link
•        long-term effect not proven / studied
accept not studied for long enough
•        residents may not have seen the research
2
[7]
 M4.          (a)     radio – 1500
ultra violet 3 × 10–8
visible – 5 × 10–7
X-rays – 1 × 10–11
4



(b)     1 × 1010Hz 1010HzOK
for 4 marks
          else 1 × 1010
for 3 marks
          else 3 × 108/0.03
for 2 marks
          else v = frequency × wavelength or 3 × 108 = 0.03f
any answer with unit Hz scores 1, 2 or 3
for 1 mark
4
[8]
 


 



